This paper evaluates the technical feasibility of reusing hemodialysis reverse osmosis wastewater from educational hospitals in Yazd, Iran, as an alternative water source. For this study, from October to December 2013, hemodialysis reverse osmosis wastewater samples were obtained from two dialysis facilities and analyzed for biochemical oxygen demand (BOD), chemical oxygen demand (COD), pH, and electrical conductivity (EC) using standard methods. Furthermore, concentrations of heavy metals such as Ag, Ba, Cd, Cu, Pb, Se, and Zn were calculated. Results were analyzed using the one sample t-test and independent t-test in SPSS 16 software. Mean concentrations of Ag, Ba, Cd, Cu, Fe, Pb, Se, and Zn in the hemodialysis reverse osmosis wastewater were 0.0960, 0.0611, 0.0186, 0.3381, 0.2153, 0.2212, 0.4196, and 0.0667 mg/L at S. Dr. Rahnamoon hospital, and 0.0963, 0.0849, 0.0177, 0.2942, 0.2160, 0.1827, 0.3420, and 0.0867 mg/L at S. Sadoughi hospital, respectively. The results also showed that the important challenges for reusing hemodialysis wastewater were its high EC and the presence of some elements, such as Se and Pb. Unlike Se and Pb, the concentrations of the other parameters were below discharge emission standards. Because of the large volumes of water used in hemodialysis, it is important to study the potential for reusing or recycling it. Through evaluation of the technical feasibility of hemodialysis wastewater reuse, this study draws attention to this neglected issue, especially in hemodialysis therapy.
Introduction
One of the components of green hospital management is wastewater management. Hospitals, as well as other organizational managements around the world, are trying to create innovations in patient treatment while maintaining high quality standards. Such programs include "green hospitals" (1) . The results of a study conducted in the US showed that a hospital plan toward greener hospitals was an appropriate method for reducing costs and improving hospital environments (2) . The relationship between environmental sustainability and green hospitals was determined and the researcher found that the first and most important motivation toward green hospital standards was energy efficiency (3) . Since hospitals and other medical centers have been created as organizations for the screening, treatment, and maintenance of public health, these organizations are responsible for their own environmental management systems (EMS). In hospitals, one of the components of an EMS is the optimal management of water and wastewater. The importance of this issue has been proposed in several studies and in different situations. An environmental analysis in 2008 was conducted in Moroccan dialysis centers for alternative water sources in arid regions. This feasibility study on wastewater consumption for agriculture and landscape irrigation showed that it was necessary to implement recycling due to the high volume of water used in the dialysis process (4) . In a study in 2013, reuse of treated wastewater was investigated in arid and semiarid regions. The findings showed that the legal challenges, such as the adoption of relevant standards for water reuse in agriculture, socio-economic issues, and farmers' precipitations, must be considered in the development of options and strategies (5) . The quality of wastewater in the Thessaly region in Greece was evaluated to determine its potential use in watering. The findings revealed that if the legal restrictions for toxicity are considered, it can be used for farming and watering landscape plants (6) . In all of these studies, special attention was given to the importance of water and wastewater management. This issue is even more important when there is a scarcity of water, especially in arid countries such as Iran. Furthermore, by 2025, 1.8 billion people will live in countries or regions with absolute water scarcities (7) . Water is an es-sential element for life and an important component in the treatment of patients requiring hemodialysis. During this process, large volumes of water are commonly used to prepare dialysate and clean and reprocess dialysis membranes and machines (8) . Assuming a dialysate flow rate of 500 mL/min, patients are exposed to 120 L of purified water during a 4-hour dialysis session. Without considering the water rejected during treatment by the carbon filters and reverse osmosis membranes before dialysis usage, the yearly consumption of water for operating 12 hours, 6 days a week for a single-pass dialysis system was estimated to be 112 m 3 (8) . An extrapolation of data for a dialysis population that was conducted in 2012 showed that from~2 million patients worldwide, world dialysis services use1 56 billion liters of water and discard around two-thirds that amount during reverse osmosis and one-third at the end of the hemodialysis process (9) . It is important to minimize this water use, especially in Iran and other waterpoor countries in which the scarcity of water sources and lack of water management represents a serious impediment to long-term development. There are few reports about the possible impact of hemodialysis reverse osmosis wastewater discharges on the environment. On the other hand, it has been proven that the per capita carbon footprint of each dialysis patient in dialysis programs are topheavy (10) . Since hemodialysis reverse osmosis wastewater before dialysis can enter municipal and natural water systems through residential or commercial discharges, including hospital effluents, we analyzed the technical potential of reusing hemodialysis reverse osmosis wastewater from educational hospitals in Yazd, Iran, for agriculture, irrigating the hospital grounds, and for drinking water for livestock and poultry. We hope that the results of this study will be useful for reducing a part of the current challenges in water management at hospitals and healthcare facilities.
Materials and Methods

Characteristics of Dialysis Facilities and Wastewater Sampling
The average number of patients requiring dialysis services at S. Dr. Rahnamoon hospital was 1,900 and at S. Sadoughi hospital, this number was 450. The volume of water needed for each dialysis machine was 120 L in 4 hours for each patient. The hospital dialysis effluent discharge rate for water treatment systems was 150 L per hour and 350 L per hour, respectively. The dialysis treatment machines considered in this study were made in Belgium and Germany and the models were Eurothechnic and BMA. Wastewater samples were obtained from two educational hospitals (S.Dr. Rahnamoon and S. Sadoughi). Using sterile 240-mL bottles, samples were collected from the outlet pipe that drains the hemodialysis sewage (including water rejected during treatment by the carbon filters and reverse osmosis membranes) directly into the municipal sewage line. The samples were collected over a period of three months (October to December) in 2013. The number of samples required was calculated with 0.15 precision and the standard deviation (SD) was obtained from the pilot study. One sample was collected each week of each month. Samples were transported to the laboratory in a closed cooler.
Wastewater Physicochemical Analyses and Quality Criteria
Wastewater samples were analyzed in the laboratory of university for chemical oxygen demand (COD), biochemical oxygen demand (BOD), chloride, sulfate, and total dissolved solids (TDS) using standard wastewater analysis methods (11) . Electrical conductivity (EC) and pH testing were also performed. Furthermore, concentrations of heavy metals such as Ag, Ba, Cd, Cu, Pb, Se, and Zn were analyzed using inductively coupled plasma (ICP, DvOptima2100). To perform the test, after turning on the machine, the wavelength of the optical system was adjusted. Then the amount of metals in the blank and standards were respectively measured; after reading the standards, calibration curves were controlled. Finally, the samples were injected into the machine to determine the concentrations of the metals. The suitability of using hemodialysis reverse osmosis wastewater for agriculture was evaluated through the comparison of its characteristics with the food and agriculture organization of united nations (FAO), world health organization (WHO) (12, 13) sea water (14, 15) and Iran national standard (16) for water use in agriculture and irrigation. The suitability of its use was further evaluated through comparison with Iran's national standards for discharge water for absorbing wells, drinking water standards for livestock and poultry, and discharge water standards for surface water.
Results and Discussion
Hemodialysis Reverse Osmosis Wastewater Composition
The physiochemical characteristics of the wastewater standards are listed in Table 1 and the physiochemical characteristics of wastewater from the hospitals are presented in Table 2 . As well as information on other wastewater that is presented in Tables 1 and 2 , and except for EC and Se values that were higher than the standard values, parameters showed values lower than those specified in the standards.
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The differences between the measured values and the standard values were calculated for both hospitals. These results showed that there was a significant difference between EC values and the minimum value in the FAO/WHO standard (P < 0.0001). However, there was no significant difference between EC values and the maximum value of the FAO/WHO standard for wastewater from the dialysis facility at S. Sadoughi hospital (P = 0.079). In other words, the EC values in the samples were higher than the minimum FAO/WHO value. Furthermore, there was a significant difference between Se values and the available standard values (P < 0.0001), and Se values were higher than the FAO/WHO irrigation standard. The results of the onesample t-test showed that there was a significant difference between EC values with both minimum and maximum values in the FAO/WHO standard at S. Dr. Rahnamoon hospital (P < 0.0001). On the other hand, the EC values in the samples were much higher than the standard limits in the FAO/WHO standard in current hospital. Similarly, for the S. Sadoughi dialysis facility, there was a significant difference between the Se values and the available standard val- The results of the independent t-test and the differences between the measured parameters in the hemodialysis reverse osmosis wastewater from the two hospitals are summarized in Table 3 . The results showed that among the heavy metals, there were significant differences between Se and Pb values in the two dialysis facilities. For the other measured parameters, there were significant differences between the BOD, COD, and sulfate values in the two dialysis facilities with a 99% confidence interval. These results revealed that the most significant challenges in the reuse of hemodialysis wastewater are its high EC and the presence of high concentrations of some other elements. In contrast, the concentrations of other parameters were below the discharge emission standards. Since high EC is the main problem, the application of membrane technology could be suitable for the treatment of such wastewaters. This technology is more economical than other processes.
Water scarcity problems in arid and semiarid regions of the world, including Iran, are increasing. As the population grows, water is a limited resource. Therefore, many efforts must be made to use water more effectively and new practices in the fields of water use and conservation must be developed. Due to the high consumption of water resources in the hemodialysis process, this process was studied as an environmental issue. In regions with scarce water resources, such as Yazd in Iran, high consumption of water can lead to a water crisis.
In this study, we discussed the characterization of hemodialysis reverse osmosis wastewater in educational hospitals in Yazd, Iran, with regard to the technical feasibility of reuse. The studied parameters showed that except for EC values, which were higher than the FAO/WHO standard, the values for the other tested parameters were within acceptable limits. Therefore, wastewater must be treated to acceptable standards before reuse. A study was conducted on wastewater reuse in irrigation in Portugal; the researchers found that irrigating with wastewater may have two affects. The first effect is on the physicochemical and microbiological properties of the soil, and the second effect is the contribution to the accumulation of chemical and biological contamination in the soil (17) . The results of the current study show that the measured EC was 4 Avicenna J Environ Health Eng. 2016; 3(1):e5067. much lower than the guidelines for wastewater reuse in irrigation in different world regions (18) (19) (20) . Therefore, in the case of Yazd, the two effects mentioned above will not be observed in the future. Separate treatment of hospital wastewater, particularly in this part, would also reduce the pharmaceutical load and risk for wastewater treatment plants. For such high EC wastewaters, membrane separation technology has proved to be the preferred treatment technology (21, 22) . Moreover, this method has been shown to be more efficient than other approaches (23, 24) . This issue was validated in a study on recycling wastewater after hemodialysis in Morocco. The simulations in this study showed that nanofiltration and reverse osmosis methods had greater benefits than desalination of seawater, resulting in a cost savings (or benefit) of 20% to 30% (4). Because there is no such information to compare with the FAO standard, in the current study, we have referenced the Moroccan study. In contrast, the feasibility of industrial saline wastewater reuse in irrigation was studied in 2006 and the findings showed that it was a suitable method for watering halophytes (22) ; this could be considered a suggestion in our study. In a study conducted in the Middle East and North Africa, researchers investigated sustainable water management. The findings presented an integrated approach to wastewater management in these regions as an opportunity to optimize the use of renewable water sources (25) . In this regard, investigation of the concentrations and distribution of pharmaceuticals and environmental risk assessment in Italy revealed a high risk of pharmaceuticals showing up in hospital effluent. This effluent represented high environmental risk (26) . In the current study, the effluent in the reverse osmosis systems did not show high contamination, however, its combination with pharmaceutical substances before treatment would probably increase treatment costs. Pharmaceuticals and personal care products (PPCPs) in treated wastewater discharging into Charleston Harbor, South Carolina, were studied in 2012. The results showed seasonal trends in the measured parameters (27) . This finding was similar to our results, as shown in Figures 1 and 2 , particularly for Cd. In a review study, the characterization of the ecotoxicity of hospital effluents was evaluated and the findings showed that the ecotoxicity of effluents must be taken into account (28) . This issue was not investigated in the current study. It is also necessary to monitor the effluents of each of the specialized departments of the hospital studied (28); however, due to the high cost of this project, this issue was also not investigated. This is a necessary step to define realistic environmental management policies for the replacement of toxic products with less pollutant ones. Potential environmental toxicity from hemodialysis effluent was monitored in Brazil. The samples in this study were collected directly from hemodialysis machines after patient treatments. However, the measured EC was higher than the other parameters, which reflects the fact that the hemodialysis process has a significant impact on raising EC (29) . This finding was similar to our results. In a study that was conducted on the water scarcity issue and the need for wastewater reuse in north China, due to economic constraints, the researchers introduced a decentralized system as a suitable reuse strategy in this region (30) . These studies showed that the use of wastewater will not happen unless appropriate management and methods are considered.
Conclusion
In conclusion, because of high water consumption during hemodialysis, it is essential to study its potential for reuse or recycling. Although, the "hospital-end-of-pipe" approach used in the current study does not allow for evaluation of the local risks linked to the emissions of such effluents in ecosystems, future works must consider risk assessment and exposure to non-target organisms. Through the evaluation of the technical feasibility for the reuse of hemodialysis wastewater, this study draws attention to the issue, which has been a neglected aspect of hemodialysis therapy. This issue can offer an approach to "green" or ecodialysis.
